I. INTRODUCTION
An achromat is a transport system that carries a beam without distorting its transverse phase space distribution. In this study, we apply the Lie algebraic technique [ 1-61 to a repetitive FODO array to make it either a second-order or a third-order achromat.
(Achromats based on reflection symmetries [7, 8] are not studied here.) We will consider third-order achromats whose unit FODO cell layout is shown in Fig.1 . The second-order achromat layout is the same except the octupoles are absent.
For the second-order achromats, correction terms (due to the finite bending of the dipoles) to the well-known formulae for the sextupole strengths are derived. For the third-order achromats, analytic expressions for the five octupole strengths are given. The quadrupole, sextupole and octupole magnets are assumed to be thin-lens elements. The dipoles are assumed to be sector magnets filling the drift spaces. 
R R th quadrupole; Sk and Ok are the k-th integrated sextupole and octupole strengths. Fringe fields are ignored.
Given the Hamiltonian H of an element, we factorize the element map as
Having factorized the maps of all magnets, the total ear map generator ha becomes h2 = -pxAx -pyAy -?ac where and 6, is the momentum compaction factor. We then decompose h, in terms of the eigenmodes of :h2:
To reduce a nonlinear map to its normal form, it can be shown [ll] 
SECOND-ORDER ACHROMATS
For a second-order achromat, we follow Eqs.(6-7) and find the normal form of the unit cell is given by h3 of Eq.(7) where and
The lattice functions are evaluated at the two quadrupoles in Eq.(8) and at the ends of the two dipoles in F4.(9). In the limit of weak bending with c1 = <C 1, we have
To form a second-order achromat, we set the two Ccoefficients to zero, and obtain
The first terms usually dominale and give tlhe well-known results. The correction terms with w, and wy are normally but not always small.
IV. THIRD-ORDIER ACHROMATS
We also studied the case of a third-order achromat. An algebraic program using Mathennatica was developed to do the analysis. Here we only report our results. The normal form of the third-order generator for a unit cell is given by Eq. (9) 
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We have defined the dimensionless parameter f = assumed that €1 = << 1 and I I << 1.
